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(57) Abstract 

A seat occupant weight sensing system has a seat pan (18) which is rigidly mounted to a seat frame which attaches to a vehicle 
body. A seat cushion (10) on which the occupant sits is positionned over the seat pan. A rigid frame is positionned above the seat pan and 
receives and supports the weight of the occupant. The rigid frame is supported on sensors (20) which in turn are mounted on the seat pan. 
The sensors collectively sense the weight supported by the rigid frame and thus determine the weight of the seat occupant. The sensors 
used to measure the weight of the seat occupant can be of two basic types. The fii-st type is a load cell and the second type of sensor 
employs a spring, the spring constant of which controls the amount of displacement for a given load. A Magnetoresistive Effect (OMR) 
displacernent sensor measures the amount the spring is compressed. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT- 



AL 


Albania 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Amimia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


6B 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TO 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


EG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Ccmgo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Ktxea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 98/35861 



PCT/US98/02576 



SEAT OCCUPANT SENSING SYSTEM 

Many vehicles are equipped with safety devices 
such as airbags and seat belt pretensioners to protect 
5 persons occupying various seats in the vehicle. If a 
seat is unoccupied or is occupied by a person of a 
particular size, it may not be necessary to activate a 
safety device associated with that seat. Furthermore, 
if a seat is occupied by a person of a particular size 

10 the manner in which a safety device is employed may be 
varied accordingly. One indicator of the seat 
occupant's size is the occupant's weight. In the case 
of an infant, the combined weight of the infant and an 
infant safety seat is useful as an indicator of 

15 occupant size. 



wo 98/35861 



PCT/US98/02576 



2 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded isometric view of a typical 
prior art vehicle seat. 
5 FIG. 2 is a perspective view of the bottom side 

of a prior art seat cushion used with the prior art 
seat shown in FIG. 1. 

FIG- 3 is an exploded isometric view of a vehicle 
seat equipped with an occupant sensing apparatus in 
10 accordance with the present invention . 

FIG. 4 is a front elevation view of a vehicle 
seat equipped with an occupant sensing apparatus in 
accordance with the present invention. 

FIG. 5 is a side elevation view of the vehicle 
15 seat equipped with an occupant sensing apparatus of 
FIG. 4. 

FIG. 6 is a top view of the vehicle seat equipped 
with an occupant sensing apparatus of FIG. 4. 

FIG. 7A is a perspective view of the top side of 
20 a frame with sensors mounted thereon. 

FIG. 7B is a perspective view of the bottom side 
the frame with sensors mounted thereon of FIG. 7A. 

FIG. 8 is a cross-sectional side view of the 
vehicle seat equipped with an occupant sensing 
25 apparatus of FIG. 4 taken along section line 8-8. 

FIG. 9 is a top view of a vehicle bench type 
vehicle seat equipped with an occupant sensing 
apparatus in accordance with the present invention. 
FIG. 10 is an enlarged fragmentary view of a 
30 sensor located between rigid components of a vehicle 
seat equipped with an occupant sensing apparatus in 
accordance with the present invention. 
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FIG. 11 is a schematic view of an occupant 
sensing apparatus in accordance with the present 
invention . 

FIG. 12 is an exploded isometric view of an 
5 alternative embodiment vehicle seat equipped with an 
occupant sensing apparatus in accordance with the 
present invention. 

FIG. 13 a cross-sectiona'l side view of the 
vehicle seat equipped with an occupant sensing 
10 apparatus of FIG. 12. 

FIG.. 14 is an enlarged fragmentary view of a 
sensor located between rigid components of the 
alternative vehicle seat design of FIG. 12 which is 
equipped with an occupant sensing apparatus in 
15 accordance with the present invention. 

FIG- 15 a cross-sectional side view of a vehicle 
seat equipped with an alternative embodiment occupant 
sensing apparatus in accordance with -the present 
invention . 

20 ■ FIG. 16 is an enlarged fragmentary viev; of a 

sensor located between rigid components of a vehicle 
seat equipped with an occupant sensing apparatus in 
accordance with the present invention; 

FIG. 17 is a side elevational cross-sectional 
25 view of the alternative sensor of FIG. 15. 

FIG. 18 is a pictorial plan' view of a Giant 
Magnetoresistive (GMR) circuit employed in the sensor 
of FIG. 17 . 
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DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIGS. 1-18, in FIG. 1 there is shown 
an exploded view of a typical prior art vehicle seat. 
5 A vehicle seat has a seat cushion 10 and a seat 
back 12. The seat back may have a head rest 13 
associated therewith. The seat back may be pivotally 
attached to the remainder of the seat. The seat 
cushion 10 is made of a comfortable, supportive but 

10 compressible material, for example foam rubber. The 
seat has a rigid seat support member 16, sometimes 
referred to as the seat frame. The rigid seat support 
member may be unitary, as shown in FIG. 1, with a 
cross member extending between two side rails, or the 

15 side rails may only be joined to one another by the 
seat back and maintained parallel to one another by 
fastening the seat frame to legs which extend between 
the seat frame and the floor of the vehicle. 

A seat pan 18 supports the seat cushion 10, which 

20 is adapted to be secured thereto by having a bottom 
side 11 that is contoured, as shown in FIG. 2, to be 
complementary to the seat pan 18. The seat pan has a 
generally rectangular shape which may be adapted to 
the design of a particular seat cushion and seat 

25 frame. As shown in FIG. 1, the perimeter of the seat 
pan is bent to form peripheral walls which may, or may 
not, have a second horizontal portion associated 
therewith. A supportive cushioning elastic structure 
comprising 25 comprising springs and straps, or any 

30 other suitable support members, extends across the 

opening in the seat pan 18 to provide support for the 
seat cushion 10. 

The seat frame 16 and the seat pan 18 are 
fastened to one another in a vertically juxtaposed 
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relationship. In this example the m^fens for fastening^ 
the rigid seat support member- and the seat pan 18 to 
one another are a plurality of tiireaded fasteners 24. 
The threaded fasteners do not extend through the 
5 uppermost surface 26 of the seat pan, but rather are 

attached to the seat pan' in depressions located in the 
upper surface of the seat pan or attach to a lower 
horizontally extending portion of the seat pan. The 
upholstery 14 is a sheet material which overlies the 

10 seat cushion 10 and is secured to the seat pan 18. 
Examples of sheet materials used as upholstery are 
fabrics, vinyls and leathers. 

Referring next to FIGS. 3 to 6, there are shown 
exploded, front elevation, side elevation and top 

15 views, respectively, of a vehicle seat equipped with 
an occupant sensing apparatus in accordance with the 
present invention. Of course it is understood that 
the design of various structural components of a 
vehicle seat can vary from one make and model of . 

20 vehicle to another, with the vehicle seat shown being 
merely exemplary of a vehicle seat that may be 
employed in the practice of the present invention. 
The present invention does, however, apply to seats in 
general and may be employed not only with vehicle 

25 seats but also any seat where it is desired to 

ascertain whether or not the seat is occupied and the 
weight of a seat occupant. 

As in the prior art, the vehicle seat has a seat 
cushion 10 and a seat back 12. The seat back may have 

30 a head rest 13 associated therewith. The seat back 
may be pivotally attached to the remainder of the 
seat, as best seen in FIG. 5. As in the prior art the 
.seat cushion 10 is made of a comfortable, supportive 
but compressible material, for example foam rubber. 
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The seat frame 16 is substantially like the prior art 
seat frame described above with reference to FIG. 1, 

The seat pan 18 which supports the seat 
cushion 10 is substantially like the seat pan 
5 described above with respect to FIG. 1 and is attached 
to the 'seat frame 16 using threaded fasteners 24 in 
substantially the same manner as described above. The 
upholstery 14, as in the prior art, is a sheet 
material overlying the seat cushion .10 and secured to 

10 the seat pan 18. An advantage of the seat occupant, 
sensing system of the present invention is that this 
system may be retrofitted to a prior art vehicle seat. 

A seat occupant sensing system of the present 
invention has a seat pan 18 with a rigid member 19 

15 disposed vertically above the seat pan in a spaced 

apart vertically juxtaposed relationship with the seat 
pan. Referring next . to FIGS. 7A and 7B there are 
shown perspective views of the top side and bottom 
side, respectively, of a frame 19 with sensors 20 

20 mounted thereon. In the embodiment illustrated in 

FIGS. 7A and 7B the rigid member 19 is a frame which 
has a generally rectangular shape and a sensor 20 is 
located in the vicinity of each corner of the frame. 
The supportive cushioning elastic structure 25 

25 comprising springs and straps, or any other suitable 

support members, which in the prior art extends across 
the opening in the seat pan 18 to provide support for 
the seat cushion 10 instead extends across the 
frame 19. This feature prevents the springs from 

30 contacting both the seat pan and the frame, therefore 
potentially transferring forces from the frame to the 
seat pan . 

As shown in FIGS. 5, 6 and 8 the rigid member 19 
underlies a portion of the seat cushion 10 and. may be 
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made of any suitable material such as steel or 
aluminum- In the embodiment shown, the frame 19 
includes a plate 50 which is located to be 
complementary to the anti-submarining portion 51 of 
5 the seat pan 18. The anti-submarining portion of a 
seat pan restricts the tendency of a belted seat 
occupant to slide forward during a rapid deceleration 
of the vehicle. 

At least two sensors 20 are interposed between 

10 the rigid member 19, or frame, and the seat pan 18 

such that all of the force transferred from the rigid 
member to the seat pan is transferred via the sensors. 
The sensors sense the magnitude of the force * 
transferred therethrough and send signals to a device 

15 (not shown) which processes the signals to determine 
the weight that the portion of the seat cushion which 
the rigid member 19 underlies is bearing. Each 
sensor 20 may be, for example, a strain gauge, a load 
cell or a variable resistance pressure sensor. 

20 • A working prototype of a vehicle seat equipped . 

with an occupant sensing apparatus in accordance with 
the present invention employed four sensors which were 
Model 14 compression-only subminiature load cells 
purchased from Sensotec, Inc. of 1200 Chesapeake 

25 Avenue, Columbus, Ohio U.S.A. These sensors had a 

range of either 45.4 kilograms or 113.5 kilograms and 
a seat could be equipped with only one size sensor or 
a combination of sizes. For example, 113.5 kilogram 
sensors could be used towards the front of the seat 

30' and 45.4 kilogram sensors could be used towards the 

rear of the seat. The height of these sensors is 3.8 
millimeters. If desired, at least one of the sensors 
may be one type of sensor, while the other sensor (s) 
may be another type of sensor. 
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If the surface o-f the rigid member 19 which is 
proximal to a sensor 20 is not substantially flat, it 
is desirable with these commercially available sensors 
to place a shim of some sort between the sensor and 
the rigid member to improve the transfer of forces 
from the rigid member to the sensor. The installation 
of the seat occupant sensing system into the seat is 
preferably facilitated by securing the sensors in 
place on the rigid member (frame) and thereafter 
placing the resultant asseihbly in a vertically 
juxtaposed relationship with the seat pan, with the 
sensors resting on the vertically uppermost surface of 
the seat pan 18. 

As shown in FIG. 10, which is an enlarged 
15 fragmentary view, at the location indicated in FIG. 8, 
of a sensor 20 located between the rigid member 19 and 
the seat pan 18, each sensor has a plurality of 
electrical leads 21,22 extending therefrom for 
communicating with a device (not shown) which 
20 processes the signals to determine the weight that the 
portion of the seat cushion which, the rigid. member 
underlies is bearing. The vertically spaced apart 
relationship of the rigid member 19 (frame) and the 
seat pan 18 is illustrated very well in FIG. 10. The 
25 distance that the rigid member (frame) is spaced. -apart 
from the seat . pan 18 is the height of the sensor 
disposed therebetween . 

As shown in FIG. 8, which is a cross-sectional 
side view, taken along line 8 - 8 of FIG. 4, the 
portion of the seat cushion 10 which the rigid 
member 19 underlies is preferably spaced apart from a 
rear edge of the seat cushion. This feature minimizes 
the sensing of forces which are transferred from the 
seat back to the seat pan 18 via the sensors. This is 



30 
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important in the instance where a person seated in the 
rear seat of an automobile leans against the back of 
the front seat and could influence the forces 
transferred to the seat pan. It has been demonstrated 
5 that the seat occupant sensing system of the present 
invention is capable of determining the presence and 
weight of a seat occupant with good accuracy. 

The rigid member 19 and th6 seat pan 18 are at 
least partially retained in the vertically juxtaposed 

10 relationship by a tension member. In the embodiment 
shown in the drawings the tension member is a sheet 
material 14 overlying the seat cushion 10 and secured 
to the seat pan 18. The sheet material is commonly 
referred to as the seat cover or upholstery. As shown 

15 in FIG. 8 the perimeter of the sheet material may have 
clips or a deformable strip associated therewith which 
can clip onto or be bent around an edge of the seat 
pan - 

Referring next to FIG. 9 there is shown a top 
20 view of a vehicle bench type seat equipped with an 

occupant sensing apparatus employing a rigid member 19 
and sensors 20 in accordance with the present 
invention. If it is desired to determine the presence 
and size of an occupant of the passenger side of a 
25 front bench seat of a vehicle, the occupant sensing 
system of the present invention may be incorporated 
into only the passenger side of the bench seat as 
illustrated in FIG. 9. 

Referring next to FIG. 11 there is shown a 
30 schematic view of an occupant sensing apparatus in 

accordance with the present invention. A signal from 
each sensor is passed through an amplifier to a 
device, such as a microprocessor which processes the 
signal, or signals, to determine the weight that the 
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rigid seat pan member is bearing. Algorithms to 
translate a signal to a weight are well known and are 
. used for example in electronic bathroom scales. The 
algorithm must take into account the weight of the 
5 seat cushion and the rigid seat pan member in 

determining the weight of the seat occupant. Of 
course if the weight of the seat occupant is 
determined to be zero, the seat is unoccupied. 

There is a need in the field of inflatable 

10 vehicle occupant restraints, such as air bags, to 

determine if the occupant of the front passenger seat 
of a motor vehicle equipped with a front passenger- 
side air bag is an infant in an infant seat or a small 
child weighing less than a preselected amount. This 

15 weight determining device, such as . a microprocessor, 
determines the weight that the rigid seat pan is 
bearing and is preferably a controller which controls 
the activation of at least one safety device for an 
occupant of the seat based upon the occupant's weight. 

20 The controller controls, for example, the activation 
of an inflatable vehicle occupant restraint or a seat 
belt pretensioner . Additionally the controller may 
control the manner in which an activated safety device 
operates, for example controlling the speed at which 

25 an airbag is inflated or the amount of seat belt slack 
which is to be taken up by the pretensioner. Thus, 
the seat occupant sensing system disclosed herein may 
determine the presence or absence of an object or 
person on a seat cushion, and if present, the weight 

30 of the person or object on the seat cushion. Based 

upon these determinations, the device may activate one 
or more safety devices, and/or control the manner in 
which an activated safety device operates. 
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With some car seat designs a seat frame is not 
part of the structure of the seat. As shown in 
FIG. 12, a fiberglass tray 60 can be placed above the 
seat pan 16. The fiberglass tray 60 thus forms the 
5 seat frame and transmits substantially all the load 

imposed on the seat by the seat occupant onto sensors 
which measure the weight of the occupant. In this way 
the seat occupant sensing system of this invention can 
be employed with a wider range of car seats. 

10 FIGS. 12-14 illustrate how the fiberglass tray 60 

substitutes for the frame 19. The fiberglass tray 60 
provides a lightweight rigid member which can receive 
the distributed load imposed by a seat occupant on the 
cushion 10 and concentrate the distributed load on 

15 four points where the sensors 20 can measure the 

imposed load. The tray 60 requires stiffness, and must 
be contoured so the seat remains comfortable to the 
occupant. At the same time the tray must be of 
relatively low cost and light weight is also, a 

20 consideration » 

An alternative embodiment seat occupant sensing 
apparatus 100 of this invention, shown in FIG. 15, 
employs a sensor 102, shown in FIG. 18, which is based 
on the Giant Magnetoresistive (GMR) effect. The 

25 sensor 102, as shown in FIGS. 15, 16 and 17 is 
positioned in a housing 104 which contains a 
spring 106 which supports a plunger 108. The 
plunger 108 contains a permanent magnet 110 which is 
held above the GMR sensor 102. A cap 112 retains the 

30 plunger 108 and the spring 106 within the housing 104. 
A button 114 overlies the plunger 108 and extends 
through an opening in the cap 112. A force transmitted 
to the button 114 moves the plunger 108 containing the 
magnet 110 downwardly towards the sensor 102. 
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The housing 104 and the sensor 102, together with 
the permanent magnet 110, the plunger 108, the 
button 114, and the retaining cap 112 form a force 
measuring sensor 116 which can be installed between a 
5 seat frame 118 and a seat pan 120. The seat pan 120, 
as shown in FIGS. 15 and 16, is slightly modified from 
the seat pan 18 shown in FIGS. 3 and 8. The seat 
pan 120 has bosses 122 which reinforce holes 124 
formed in the seat pan. The holes 124 are sized to 

10 receive the housings 104 bf the force measuring 
sensors 116. The retaining caps 112 support the 
measuring sensors 116 on the upper surface 126 of the 
seat pan 120. The seat frame 118 is positioned above 
the seat pan 120 and engages and is supported on the 

15 buttons 114 of four force measuring sensors 116. 

The s.eat pan 120 is mounted to a seat frame 14 0 
which in turn is mounted to the floor 142 of a car or 
other vehicle. In this way the seat pan 120 is 
connected to a vehicle (not shown) . 

20 The weight of the occupant resting on the seat 

.cushion 128 is supported .by .the. buttons 114. of the 
force measuring sensors 116. The plungers 108 
positioned beneath the buttons 114 cause the 
deflection of the springs 106 which allow the 

25 permanent magnets 110 to move downwardly towards the 
GMR sensors 102. The amount of downward movement of 
the permanent magnets 110 is controlled by the spring 
constant of the springs 106. Thus by the simple 
expedient of choosing the spring constant of the 

30 springs 106, the amount of force required to fully 
depress the plunger 108 on a force measuring sensor 
116 can be set. 

The force measuring sensors 116 incorporate GMR 
sensors 102 which sense static magnetic fields: The 
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sensors 102 do not directly support the measured load 
and have no physical engagement with any moving or 
load supporting structure. The GMR sensors 102 utilize 
an effect discovered in 1988, in which certain thin 
5 film devices are able to detect static magnetic 

fields. GMR sensors utilize resistors built up of thin 
magnetic film a few nanometers thick separated by 
equally thin nonmagnetic layers. 

A decrease in resistance of between about 10 

10 and 20 percent in the built-up resistors is observed 
when a magnetic field is applied. The physical 
explanation for the decrease in resistance is the spin 
dependence of electron scattering and the spin' 
polarization of conduction electrons in ferromagnetic 

15 metals. 

The extremely thin adjacent magnetic layers 
couple antif erromagnetically to each other so that the 
magnetic moments of each magnetic layer are aligned 
antiparallel to adjacent magnetic layers. Electrons,' 

20 spin polarized in one magnetic layer, are likely to be 
scattered as they move between adjacent layers. 
Frequent scattering results in high resistance. An 
external magnetic field overcomes the 
antif erromagnetic coupling and produces parallel 

25 alignment of moments in adjacent ferromagnetic layers. 
This decreases scattering and thus device resistance. 

Groups of four resistors based on the GMR 
technology are arranged in a Wheatstone bridge and two 
legs of the bridge are shielded from the applied 

30 magnetic fields. The other two legs are positioned 
between the magnetic shields 130 which are shown 
schematically in. FIG. 18. The magnetic shields act as 
flux concentrators to produce a device of tailored 
sensitivity to a magnetic flux of a selected 
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intensity. A standard voltage is supplied to the 
solid state device 132 and a voltage is read out of 
the device 132 which is predictably related or 
proportional to the magnetic field to which the device 
5 is exposed. The devices have an axis 134 of 

sensitivity which is produced by the orientation of 
the magnetic flux shields 130 as shown in FIG. 18, 

GMR sensors are available from Nonvolatile 
Electronics Inc. of 11409 Valley View Rd . , 
10 Eden Prairie, Minnesota, U.S.A.. GMR sensors are 

small, highly sensitive devices which have exceptional 
temperature stability, deliver high signal levels and 
require very little power and cost less than many 
competitive devices. All these factors are important 
15 in devices used in automobile safety applications. 

The force measuring sensors 116 are employed as 
part of a system for deploying an air bag and will 
typically be used with an amplifier and microprocessor 
as shown in FIG. 11. The micro processor will 
20 incorporate logic which analyzes data from crash 

detecting sensors and data indicating the presence and 
weight of an occupant in the front passenger seat of 
an automobile and other data which may be relevant 
from additional sensors and will deploy or not deploy 
25 an air bag based on logic and sensor inputs. 

It should be understood that sensors which sense 
Toads or displacement can be employed with the seat 
occupant sensing system of this invention. 

It. should also be understood that the coil spring 
30 shown in the force measuring sensors 116 may employ 
' coils which are round in cross-section or flat and 
that the size of the cross-section together with the 
material and the material modulus will control the 
spring constant. Further, the spring employed .in the 
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force measuring sensor 116 could use other types of 
springs such as Belleville springs, or gas springs. 

It should also be understood that the seat 
frame 140 may incorporate an adjustment mechanism 
5 which allows motion of the frame with respect to the 
car floor or allows motion of the seat pan 120 with 
respect to the frame 140. 
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CIiAXMS: 



5 



1. 



(a) 



(b) 



A seat occupant sensing system comprising: 
a seat pan (18 ) ; 

a rigid member (19) disposed vertically above 



the seat pan in a spaced apart vertically juxtaposed 
relationship with the seat pan, the rigid member 
underlying a portion of a seat cushion (10) ; and 

(c) at least two sensors (20) interposed between 

r 

10 the rigid member and the seat pan such that all of the 
force transferred from the rigid member to the seat 
pan is transferred via the sensors which sense the 
magnitude of the force transferred therethrough and 
send signals to a signal processing device which 

15 processes the signals from the sensors to determine 
the weight that the portion of the seat cushion is 
bearing. 

2. A seat occupant sensing^ system according to 
20 claim 1 wherein the rigid member (19) has a generally 
rectangular shape and a sensor (20) is located in the 
vicinity of each corner of the rigid member. 

3- A seat occupant sending system according to 
25 either of claims 1 or 2 wherein at least one of the 
sensors (20) is a strain gauge. 

4 . A seat occupant sensing system according to 
either of claims 1 or 2 wherein at least one of the 
30 sensors (20) is a load cell. 

5 1 A seat occupant sensing system according to 
either of claims 1 or 2 wherein at least one of the 
sensors (20) is a variable resistance pressure • sensor . 
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-6- A seat occupant sensing system according to 
either of claims 1 or 2 wherein at least one of the 
sensors (20) comprises: a magnet (110); a magnetic 
field sensor (102) spaced from the magnet; and a means 
5 (106) for resiliently resisting displacement of the 
magnet towards the magnetic field sensor so that the 
displacement of the magnet is predictably related to 
the applied force. 

10 7. A seat occupant sensing system according to 

claim 6 wherein the magnetic field sensor (102) is of 
the GMR type. 



8. A seat occupant sensing system according to 
15 either of claims 1 or 2 wherein at least one of the 

sensors (20) comprises: a housing; a magnetic field 
sensor (102) positioned within the housing; a plunger 
(108) mounted above the magnetic field sensor; a 
magnet (110) mounted to the plunger and positioned 
20 above the magnetic field sensor; and a spring (106) 
positioned to bias the plunger and the magnet away 
from the magnetic field sensor, wherein the housing is 
mounted to the seat pan (18), and the plunger engages 
the rigid member (19) . 

25 

9. A seat 
claim 8 wherein 
the GMR type. 



occupant sensing system according to 
the magnetic field sensor (102) is of 



30 10. A seat occupant sensing system according to 

any of the preceding claims wherein the system further 
comprises a controller which controls the operation of 
at least one safety device for an occupant of the seat 
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based upon the weight that the portion of the seat 
cushion (10) is bearing. 
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FIG. 16 
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